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(54) Method and apparatus for cutting workpieces with the provision of cooling of the cutting tool 



(57) This invention is a method and apparatus for 
cutting a workpiece which may have interruptions, with 
a cutting insert having a cutting edge (14), where the 
cutting insert is held in a tool holder (1 5) and is optionally 
supported by a shim (13). Coolant, which may contain 
liquid nitrogen, is introduced through a passageway to a 



cooling passage (16) located near the cutting edge. The 
cooling passage (16) may be located either under, be- 
hind, or under and behind the cutting edge. Coolant im- 
pacts the wall surfaces of the cooling passage near the 
cutting edge where it is partly evaporated thereby cooling 
the cutting insert. 




■ ( 



LO 

CM 

CO 
<£> 




7~ 

35 



FIG. 1 



CL 
LU 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 637 257 A1 



2 



Description 

[0001] This invention claims the benefit of provisional 
application US Serial No. 60/611,015 filed September 
16, 2004, incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to the machining 
of materials, and more particularly is a method and ap- 
paratus for increasing cutting tool life when machining 
materials with interruptions by cutting such as occurs in 
turning, facing, boring, milling, and drilling with cutting 
inserts. 

[0003] Interruptions can be simple voids or portions of 
material with significantly different resistance to cutting. 
When interruptions exist in a material, the cutting force 
intermittently drops to a fraction of the maximum cutting 
force as the cutting edge passes over the interruption, 
e.g. to less than 50% of the maximum cutting force. (For 
the case of a void, the cutting force will drop to zero.) The 
size of the interruption must be large enough relative to 
the curvature of the cutting edge in the feed plane in order 
for the tool to experience an interruption in the force on 
the tool. 

[0004] Interrupted cutting is a difficult machining oper- 
ation, due to a shock-wave-type cyclic thermal and me- 
chanical loading of the tool. Interruptions in workpieces 
act as impact stress-concentrators inducing premature 
fractures of the tool insert. The use of the conventional 
flooding or jetting cooling medium, applied "externally" 
to the cutting tool and/or in the general area of contact 
between the tool and the work material results in cooling 
and hardening of the edges of the material interruptions, 
leading to higher impact forces on the insert, and thereby 
leads to accelerated tool wear and failure, usually by frac- 
tures. The absence of cooling shortens the life of the 
cutting tool due to operation at high temperature involving 
thermal softening and chemical wear of the cutting edge 
as well as the rest of the insert. The net result is that tool 
life is drastically shorter during interrupted cutting relative 
to non-interrupted cutting whether the cooling is used or 
not. Most interrupted cutting operations are run dry to 
prevent cooling and hardening of interruption edges and 
at slow speeds to prevent thermal softening of the cutting 
tool. 

[0005] As used herein, the term "cutting" includes but 
is not limited to the following operations: turning, boring, 
parting, grooving, facing, planing, and milling. 
[0006] Related disclosures include U.S. Pat. Nos. 
2,641 ,047, 3,077,802, 3,571 ,877, 3,971 ,1 14, 4,848,1 98, 
5,237,894, 5,716,974, 5,901,623, 6,652,200 and U.S. 
Pat. Applications 2002/0189413 and 2003/0110781. 
There is a need for a method that increases the tool life 
for interrupted cutting. 



BRIEF SUMMARY OF THE INVENTION 

[0007] This invention provides a method of cutting a 
workpiece having interruptions; with a cutting insert, said 

5 cutting insert having a cutting edge, said cutting insert 
held in a tool holder, said method comprising the steps 
of contacting said cutting edge of the insert with said 
workpiece having interruptions; introducing a coolant flu- 
id into at least one passage near said cutting edge of the 

10 insert to cool said cutting edge; and exhausting the re- 
sultant fluid from the at least one passage in a direction 
so that said interruptions ahead of the cutting edge are 
not substantially cooled by the resultant fluid. 
[0008] This invention further provides a method in 

15 which after said introducing step and before said ex- 
hausting step is the step of evaporating at least a portion 
of said coolant fluid in said at least one passage. 
[0009] This invention further provides an apparatus for 
cutting a workpiece comprising atool holder and acutting 

20 insert, said cutting insert having a cutting edge, said cut- 
ting insert being held in said tool holder, said apparatus 
further comprising a passage for a coolant fluid near said 
cutting edge for cooling said cutting edge. 
[001 0] To solve the problem of shortened life of cutting 

25 inserts during interrupted cutting, the current invention 
uses a cooling system using a coolant fluid that cools the 
cutting insert without any substantial thermal effect on 
the edges of interruptions of the workpiece that are about 
to be machined. The coolant fluid may be carbon dioxide, 

30 helium, nitrogen, argon, or mixtures of the above fluids, 
preferably nitrogen or argon or mixtures of nitrogen and 
argon. The coolant fluid may be a cryogenic fluid. 
[001 1] The benefits of the current invention are espe- 
cially apparent in hard, interrupted cuts, where expen- 

35 sive, high fracture-toughness, ultra-hard materials, e.g. 
polyc ry stall ine cubic boron nitride (PCBN) or silicon car- 
bide whisker-reinforced alumina (SiC w -AI 2 0 3 ) are usu- 
ally the insert materials of choice, due to their predicta- 
bility of life during machining operations. The method and 

^o apparatus of this invention can be used with those insert 
materials for interrupted cutting. 

[0012] Inexpensive, plain and/or compounded with ti- 
tanium carbide or carbo-nitride particle alumina inserts 
(AI 2 0 3 -TiC and AI203-TiCN), called by industry practi- 

45 tioners, "ceramic inserts," "alumina inserts," or "black ce- 
ramics" are generally not used in hard, interrupted cuts, 
due to their low fracture toughness and consequently un- 
predictable, catastrophic failures. "Ceramic inserts," "alu- 
mina inserts," and "black ceramics" are oxide-containing 

50 ceramic inserts typically containing at least 5% by weight 
of an oxide ceramic phase. Using the method and appa- 
ratus of this invention, these inexpensive alumina inserts 
have been found to be useful in the interrupted cutting 
operations and may in some cases outperform, via re- 

55 duced machining time and tool costs, the expensive 
PCBN and/or SiC w -AI 2 0 3 inserts when used in conven- 
tional methods. The present invention utilizes an efficient 
cooling method for interrupted cutting operations. Any 
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commercially available cutting tool inserts may be used 
in this invention for machining hardened or soft workpiec- 
es. The cutting tool inserts include the relatively inexpen- 
sive alumina, uncoated or coated carbide tool inserts or 
any other standard tool inserts which may be made of 
lower fracture toughness resistance materials, and more 
expensive inserts including those made of PCBN 
SiC w -AI 2 0 3 , Si 3 N 4 , and/or diamond. 
[0013] The current invention is a method for cutting a 
workpiece having interruptions, with a cutting insert hav- 
ing a cutting edge, where the cutting insert is held in a 
tool holder and is optionally supported by ashim. Coolant 
fluid is introduced through a conduit to a cooling passage 
located near the cutting edge. The cooling passage may 
be located either under, behind, or under and behind the 
cutting edge. "Behind" means in the direction of the back- 
side of the cutting insert. "Under" means in the direction 
of the bottom of the cutting insert. The cooling passage 
can be located within the cutting insert, between the cut- 
ting insert and the shim, within the cutting insert, between 
the shim and the tool holder, within the tool holder, or in 
a combination of these locations. Fast-moving liquid 
droplets or liquid slugs of the cooling fluid impact the wall 
surfaces of the cooling passage near the cutting edge 
where the liquid droplets or liquid slugs are partly evap- 
orated. The machining terminology used in this applica- 
tion is standard for the machining technology area as 
described in numerous subject references, e.g. "Metal 
Cutting", IV Edition, E.M. Trent and P.K. Wright, publ. by 
Butterworth Heinemann, Boston, Oxford, pp.: 10, 12, 15, 
and 18. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE 
DRAWINGS 

[0014] FIGS. 1 through 8 illustrate several embodi- 
ments of the apparatus of the current invention that are 
useful in the method of this invention, like items bearing 
like reference numerals. FIGS. 9 and 10 are graphs 
showing experimental data relating to the current inven- 
tion. 

[0015] FIG. 1 is a cross sectional view from the side 
of one embodiment of the present invention showing the 
cooling passage in an insert-supporting shim adjoining 
the cutting insert and where the coolant is fed through a 
passageway through the bottom of the tool holder. 
[0016] FIG. 2 is a cross-sectional view through the 
shim and cooling passage of the apparatus shown in FIG. 
1 taken along the line B-B' shown in FIG. 1. 
[0017] FIG. 3 is a cross sectional view from the side 
of another embodiment of the present invention showing 
the cooling passage in the shim. This figure illustrates a 
composite tool insert having a brazed PCBN tip. 
[0018] FIG. 4 is a cross sectional view from the side 
of another embodiment of the present invention showing 
the cooling passage in the tool holder and adjoining the 
shim and where the coolant is fed through a passageway 
through the back of the tool holder. 



[0019] FIG. 5 is a cross sectional view from the side 
of another embodiment of the present invention showing 
the cooling passage in the tool holder. 
[0020] FIG. 6 is a cross sectional view from the side 

5 of another embodiment of the present invention showing 
the cooling passage in the cutting insert. 
[0021] FIG. 7 is a cross sectional view from the side 
of another embodiment of the present invention showing 
the cooling passage in the tool holder adjoining the cut- 

10 ting insert without a shim. 

[0022] FIG. 8 is a cross sectional view of another em- 
bodiment of the present invention, a rotating or stationary 
cutting tool equipped with inserts useful for a milling cut- 
ter, plunger, or drill. 

15 [0023] FIG. 9 is a graph illustrating the effect of the 
invention on tool life. 

[0024] FIG. 10 is a graph illustrating tool life for various 
inserts and operating conditions. 



[0025] FIGS. 1 and 2 show two views of one embodi- 
ment of an apparatus or cutting tool 1 suitable for carrying 
out the method of the current invention. The apparatus 

25 1 comprises atool holder 15 for supporting acutting insert 
12 and an optional shim 13, which is located below the 
cutting insert 12. Although optional, shims are generally 
used. The insert 12 and shim 13 can be held in place by 
any suitable means known in the art, such as a screw or 

30 clamp, and are shown held in place by a clamp 17. A 
cutting edge 14 adapted to contact and cut a workpiece 
(not shown) is located at the intersection of the major 
flank surface 23 and the rake 27 of the cutting insert 1 2. 
The backside 29 of the cutting insert is located opposite 

35 to the major flank surface 23. The rake 27 is the surface 
of the cutting insert 12 (and may be the surface of the 
cutting tool) adjacent the cutting edge 1 4 that directs the 
chip (the piece of the workpiece that has been removed 
from the workpiece by the machining process) away from 

40 the workpiece. The rake 27 may be completely flat, cham- 
fered or may have a more complex, three-dimensional 
topography produced by molding or by the addition of a 
plate in order to control the chip flow and/or chip breaking 
during machining. The apparatus 1 is desiged for use in 

45 conjunction with machining equipment, including lathes, 
milling machines, and the like. 

[0026] The shim 13 is shaped to form a cooling pas- 
sage 16 shown adjoining the cutting insert 12. Alterna- 
tively a passage, such as a pipe or other conduit, may 

50 be inserted into the shim 13 and/or cutting insert 12 
and/or tool holder 1 5 in a space provided in them for the 
passage for the coolant fluid. The shim can be preformed 
or machined into the appropriate shape. The cooling pas- 
sage 16 is open at its inlet(s) 18 in fluid communication 

55 with the passage 16 and at its outlet(s) 10 where the 
coolant fluid exists passage 16. Preferably the passage 
16 does not contain any porous material. The inlet 18 
fluidly communicates with the cooling passage 16 and 
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an optional restriction 19, e.g. nozzle or orifice. The re- 
striction 19 may (a) help in metering the cooling fluid, (b) 
assure a more stable flow of cooling fluid through the 
passage up-stream of the restriction 19 by providing a 
significant pressure drop, (c) enhance liquid phase 
break-up into droplets by inducing Rayleigh instabilities, 
(d) promote evaporative atomization of the incoming 
cooling fluid by a pressure drop that reduces the boiling 
temperature and generates vapor bubbles within the liq- 
uid, thus, breaking the liquid apart, and (e) further en- 
hance removal of heat from the cooled surfaces by wid- 
ening temperature differences due to the lower boiling 
point of the cryogenic liquid downstream, in the lower 
pressure area. The restriction may act as a pressure 
changing means. As shown in FIG. 1, the restriction 19 
and at least a portion of the passage 16 is oriented to 
direct the incoming coolant fluid in a direction that is per- 
pendicular to the bottom 21 of the insert 1 2 before even- 
tually flowing through a contact volume 32 which in this 
embodiment is a disk-shaped volume 32 which is part of 
passage 1 6. (In alternative embodiments the contact vol- 
ume may have any shape that may provide for increased 
heat transfer between the coolant and the parts of the 
tool holder, e.g. a passage with fins. Alternatively the 
contact volume may maintain the same dimensions as 
the passage, if desired.) As shown, the disk-shaped con- 
tact volume 32 is located parallel to and in contact with 
the bottom of the insert 12 in passage 16. After passing 
through the restriction 19, the coolant fluid impacts the 
bottom 21 of the insert 1 2 which breaks the cooling fluid 
into liquid droplets or slugs thereby helping to break 
through any vapor layer that may form on the bottom 
surface 21 and thereby increasing heat transfer. The 
breakup of the cooling fluid can be accomplished by boil- 
ing on decompression, boiling on the walls of the pas- 
sage, or by surface (Rayleigh) instabilities as the liquid 
passes through the restriction 19. The restriction 19 in 
the passage 16 as shown is located in the apparatus 1 . 
The restriction 19 may be located in the tool holder 15, 
the shim 13 or the insert 12, or between the tool holder 
15 and the shim 13, between the insert 12 and the tool 
holder 15, or between the insert 12 and shim 13. The 
restriction 1 9 may provide for a pressure drop in the pas- 
sage 1 6. Alternatively or additionally the passage 16 may 
be a pressure changing means by being shaped so that 
the pressure drops through the passage 16 from inlet(s) 
18 to outlet(s) 10. 

[0027] As shown in FIG. 2, the cooling passage 1 6 has 
outlets 1 0 which are formed by shaping, e.g. machining, 
cutting, or boring the shim 1 3, alone or by inserting a pipe 
or other conduit therein. Outlets 10 are formed to direct 
the coolant away from the workpiece or at least away 
from the surface of the workpiece which shall be ma- 
chined in a short time, that is, away from the surface of 
the workpiece, particularly the edges of the interruptions 
ahead of the cutting edge. 

[0028] As shown in FIG. 2, the passage is internal to 
the tool holder 15, and the shim 13, and the cooling 



achieved by the coolant fluid is by direct contact with the 
cutting insert 12; however, through indirect contact be- 
tween the coolant fluid and the cutting edge 4 of the insert 
12. The inlet 18 for the coolant fluid into the tool holder 
5 1 5 is at the bottom 35 of the tool holder, and the direction 
of the inlet 18 and coolant flow therein is perpendicular 
to the bottom 21 of the insert 12. 

[0029] The shim 13 can be made from any suitable 
material known in the art such as tungsten carbide-cobalt 
10 (WC-Co), tool steel or high-speed steel (HSS). The tool 
holder 15 is also made from any suitable material know 
in the art. 

[0030] FIG. 3 shows an embodiment where the cooling 
passage 1 6 is enclosed within the shim 1 3. The passage 
15 1 6 is also internal to the tool holder. Like the embodiment 
shown in FIG. 1 and FIG. 2, the outlets 1 0 are formed to 
the sides thereby directing any coolant away from the 
surface of the workpiece to be machined by the apparatus 
1. 

20 [0031] FIG. 4 shows an embodiment where the cooling 
passage 16 is in the tool holder 15 adjoining the shim 13. 
FIG. 4 shows an alternative arrangement of the cooling 
passage 1 6. The passage 1 6 is parallel to the bottom 21 
of the insert and partially defined by (open to) the bottom 

25 43 of the shim 1 3. The inlet 1 8 of the passage 1 6 is located 
at the backside 44 of the tool holder 1 5. The coolant flows 
in the passage 1 6 and contacts the bottom 43 of the shim 
13. 

[0032] FIG. 5 shows an embodiment of the apparatus 

30 1 of this invention where the cooling passage 1 6 is in the 
tool holder 15. In this embodiment shown in FIG. 5 the 
cooling provided by the coolant fluid will be indirect to the 
shim 13 and indirect to the cutting tool 12, and indirect 
to the cutting edge 14. 

35 [0033] FIG. 6 shows an embodiment where the cooling 
passage 1 6 is at least partially located inside the cutting 
insert 12. In this apparatus, the cooling passage 16 is 
positioned near the cutting edge 14 below the rake 27. 
The cutting insert is manufactured with the cooling pas- 

40 sage 16 therein. A possible advantage of creating the 
cooling passage 16 in the shim 13 or the tool holder 15 
as opposed to the cutting insert 12 is that the shim 13 
and tool holder 1 5 can be, usually, used with many types 
of standard cutting inserts 12; no special, grooved or 

45 cored inserts are therefore required. However, the ad- 
vantage of the cooling passage 1 6 in the insert 1 2 is the 
minimized distance between the cutting edge 14 and the 
coolant fluid wetted walls of the passage 16 which as- 
sures the best cooling effect. Despite the closeness of 

50 the coolant fluid to the cutting edge 14, the cooling is still 
indirect. Direct cooling would take place by spraying or 
otherwise contacting the coolant fluid directly to the out- 
side surface of the cutting edge 14. 
[0034] FIG. 7 shows an embodiment where a shim is 

55 not used. The cooling passage 16 is shown inside the 
tool holder 1 5 adjoining the cutting insert. Other than re- 
moving the shim, the embodiment shown in FIG. 7 is the 
same as that shown in FIG. 1 and FIG. 2. 
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[0035] FIG. 8 shows an apparatus of the invention, that 
is a rotating or stationary cutting tool equipped with in- 
serts useful as a milling cutter, plunger, or drill. The ap- 
paratus 1 1 comprises a tool holder 15 supporting a cut- 
ting insert 12 and an optional shim 13, which is located 
between the tool holder 15 and the cutting insert 12. A 
cutting edge 14 adapted to contact and cut a workpiece 
is shown as part of the cutting insert 12. A passage 16 
with inlet 1 8 for flow of a coolant fluid is shown to provide 
for the direct contact of the coolant fluid with a surface 
of the cutting insert 1 2 opposite to the cutting edge 1 4 of 
the cutting insert 12. The cooling passage 16 has outlet 
1 0 which is formed by shaping the shim 13 and the tool 
holder 1 5 to provide for the outlet 1 0. Outlet 1 0 is formed 
to direct the discharged coolant away from the surface 
of the workpiece to be machined (cut). 
[0036] In an alternative variation of any embodiment 
of the invention,, the discharged coolant fluid can be di- 
rected at the workpiece surface that has already been 
machined, but not at the surface to be machined. In this 
variation, the discharged coolany fluid may help to re- 
move broken chips from under the tool which is desirable 
and may prevent development of residual tensile stress- 
es in the already machined surface which is also desir- 
able. 

[0037] In most of the embodiments shown the outlets 
1 0 discharge the spent coolant to the sides of the cutting 
edge 1 4. Alternatively, the exit for the spent coolant may 
be at the bottom of the tool holder 1 5 (forcing the fluid to 
make a U-turn), or in any direction although preferably 
substantially all, if not all, of the spent coolant is directed 
away from the surface of the workpiece to be machined 
(ahead of the cutting edge). Material ahead of the cutting 
edge is material that is to be cut during the current pass 
or in the next few passes. Material behind the cutting 
edge is material that has been cut before or during the 
current pass. Additionally, it is preferred that the outlet 
for the spent coolant fluid is a short distance from where 
the coolant fluid has gone through the contact volume of 
the passage or otherwise has had an impact on the tem- 
perature of the cutting edge by direct contact with the 
cutting insert, the shim, or other part of the tool. The im- 
pact on the temperature of the cutting edge may be due 
to the coolant fluid undergoing a phase change in the 
passage 16. 

[0038] Certain embodiments of the apparatus can be 
made with minimal modifications to standard parts. For 
the embodiment shown in FIGS. 1 and 2, there are no 
modifications to the cutting insert 12 and only a minor 
modification to the tool holder 15 to provide a passage 
16 for the coolant. The shim 13 can be shaped by ma- 
chining or other means to form at least one cooling pas- 
sage 1 6 and outlets 1 0 for the removal of the spent cool- 
ant out of the passage 1 6. 

[0039] The total cross-sectional area of the outlets 
should be larger than the cross-section of the restriction 
19, in order to realize the decompressive temperature 
drop and maximize the temperature difference between 



the cutting edge 1 4 and the cooled walls of the passage 
1 6. This relative sizing of the restriction and the outlet(s), 
(a) helps in metering the cooling fluid, (b) assures a more 
stable flow of coolant fluid (e.g. cryogenic fluid) through 

5 the conduits up-stream by the way of maintaining an el- 
evated pressure up-stream, (c) enhances liquid phase 
break-up into droplets by inducing Rayleigh instabilities 
in the coolant fluid, (d) promotes evaporative atomization 
of the incoming coolant fluid by pressure drop that reduc- 

10 es boiling temperature and generates vapor bubbles 
within the liquid in the coolant fluid, thus, breaking the 
liquid apart and, (e) further enhances removal of heat 
from the cooled surfaces by widening temperature differ- 
ences due to the lower boiling point of the liquid in the 

15 coolant fluid (e.g. cryogenic liquid) downstream, in the 
lower pressure area. 

[0040] For the purposes of this disclosure, interrup- 
tions are defined to exist in a workpiece material when 
the cutting force intermittently drops to less than 50% of 

20 the maximum cutting force as the cutting edge passes 
over the interruption. (For the case of a void, the cutting 
force will drop to zero.) The size of the interruption must 
be large enough relative to the curvature of the cutting 
edge in the feed plane in order for the tool to experience 

25 an interruption in the force on the tool. Examples of ma- 
terials with interruptions include slotted bars, 
out-of-round rolls, rings with keyways or holes, gears, 
composite parts such as cast iron and aluminum com- 
posited components used in engine blocks, hypereutec- 

30 tic Al-Si alloys characterized by distinctively large silicon 
crystals in the eutectic Al-Si matrix, metallic and non-me- 
tallic composite materials where the size of the hard, 
strengthening particles or inclusions is comparable to or 
larger than the radius of the curvature of the cutting tool 

35 in the feed plane, porous powder metallurgy parts, and 
porous powder metallurgy parts with pores filled using a 
polymer material, as well as certain grades of tool steels, 
where the size of their primary carbides is sufficiently 
large to be comparable to or exceeding the radius of the 

40 curvature of the cutting tool in the feed plane. Another 
example of the interrupted cutting within the scope of 
present invention is turning of non-axial, irregularly 
shaped workpieces where the tool engagement in mate- 
rial, i.e. depth of cut or feed rate or both, fluctuates during 

45 each revolution. 

[0041] The method also includes the step of introduc- 
ing a coolant fluid comprising liquid nitrogen into at least 
one cooling passage near the cutting edge of the insert 
which may be near or contacting the bottom of the insert. 

50 The cooling passage can be positioned in one or more 
locations near the cutting edge which may be internal to 
the tool holder and below the rake. The passage and/or 
the contact volume of the passage may be located (a) 
between the cutting insert and the shim, (b) between the 

55 cutting insert and the tool holder, (c) between the shim 
and the tool holder, (d) within the cutting insert, (e) within 
the shim, and (f) within the tool holder. 
[0042] The coolant fluid can be slightly subcooled cool- 
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ant fluid (e.g., liquid nitrogen) or preferably a saturated 
two phase mixture of coolant fluid (e.g. liquid and gase- 
ous nitrogen). Slightly subcooled coolant fluid (e.g. liquid 
nitrogen) will break up into droplets or slugs of liquid in 
gas as it passes through the optional restriction. The re- 
striction will tend to atomize the liquid coolant (e.g. nitro- 
gen) to form droplets or slugs of liquid. A two phase mix- 
ture of liquid and gaseous coolant (e.g. nitrogen) will al- 
ready contain droplets or slugs of liquid. The breakup of 
the liquid into droplets or slugs can be accomplished by 
boiling on decompression, boiling on the walls of the pas- 
sageway, or by surface (Rayleigh) instabilities as the liq- 
uid passes through the nozzle or orifice. The droplets or 
slugs of liquid impact the walls of the cooling passage 
for improved heat transfer. 

[0043] Because of the thermal inertia of the insert and 
optional shim that conduct heat away from the cutting 
edge, a slight flow and pressure pulsation in the coolant 
(e.g. liquid nitrogen) supply is acceptable, e.g. 5 sec. cy- 
cle, until the flow of the coolant reaches steady state after 
starting to machine a workpiece and cool the insert. The 
method and apparatus of this invention can improve tool 
life in interrupted cutting (machining) over the conven- 
tional dry or floodmethods. 

[0044] The present invention may be used for machin- 
ing noninterrupted workpieces, too. It would be beneficial 
to use the method and apparatus of this invention for 
noninterrupted workpieces for which the chip gets in the 
way of a nozzle that provides an external flood or spray 
of coolant to the insert and/or workpiece, or 2) when an 
external flood or spray of coolant cools the chip which in 
turn enhances the depth of cut notch failure. For nonin- 
terrupted cutting, the present method may be deficient 
to jetting of LIN on the cutting edge and the workpiece 
as taught in U.S. Pat. Application 2002/0189413, incor- 
porated herein by reference. 

[0045] In the at least one cooling passage which may 
be the contact volume, at least a portion of the liquid 
coolant (e.g. nitrogen) is evaporated to create a resultant 
fluid containing gaseous and liquid coolant . All of the 
liquid coolant may not evaporate due to the small size of 
the passages. Insufficient cooling may be obtained when 
there is complete evaporation of the coolant (e.g. liquid 
nitrogen). 

[0046] Proper coolant flow rates can be determined by 
visual inspection. Flow rates of the coolant are adjusted 
by manipulating at least one of the supply pressure and 
degree of subcooling. When the spent coolant, which 
may be referred to as resultant fluid, exiting at 1 0 is clear, 
that indicates that there was no evaporation in the cooling 
passage, and that the coolant flow is too high or there is 
too much subcooling of the coolant in the coolant (e.g 
cryogenic) supply system. If the spent coolant (resultant 
fluid) exiting at 10 is a whitish liquid/gas mixture, then 
evaporation is present in the cooling passage and the 
flow rate of the coolant is satisfactory. If the spent coolant 
exiting at 10 has no liquid phase, the flow rate may be 
too low. To confirm the satisfactory flow rate condition, 



a splash plate can be used. The resultant fluid exiting at 
1 0 impacts the metal splash plate. If after a while of op- 
eration a liquid coolant (e.g. cryogen) collects on the plate 
and drips, the flow is satisfactory. Once proper coolant 

5 (cryogenic coolant or liquid C0 2 ) flow rates are estab- 
lished, the cutting tool can be used for machining. 
[0047] Another step in the invention is exhausting the 
spent coolant in a direction substantially away from the 
workpiece so that the edges of the interruptions are not 

10 substantially cooled by the spent coolant. (The spent 
coolant may be exhausted to the atmosphere under pres- 
sure or exhausted to a collection container for recycle 
and reuse elsewhere if desired.) This prevents hardening 
of the edges of the material interruptions, that result in 

15 higher impact forces on the insert, and thereby can lead 
to accelerated tool wear and failure, usually by fractures. 
It is generally acceptable to discharge the cryogen at the 
workpiece surfaces that have already been machined. 
In fact, this sometimes helps in residual stresses of chip 

20 removal, as in milling or indexible insert drilling. 

[0048] The following example is provided to illustrate 
the invention and is not intended to restrict the scope 
thereof. 

25 Example 1 

Interrupted Cutting Using Dry Uncooled and Cooled Ce- 
ramic Insert 

30 [0049] FIG. 9 shows flank wear versus the cutting time 
for relatively inexpensive alumina tools, so-called black 
ceramic (AI203) inserts under dry cutting conditions and 
with liquid nitrogen (LIN) cooling according to the current 
invention where the cooling passage was in the shim as 

35 illustrated in FIG. 1 . The workpiece material was 52100 
bearing steel (heat-treat hardened to 50 - 56 HRc). The 
interruption in the workpiece was a 3/1 6" slot. The depth 
of cut was 0.007", the feed rate was 0.005" per revolution, 
and the speed was 1 300 surface feet per minute, typical 

40 of hard turning industry conditions. The flank wear for dry 
cutting was significantly higher than with LIN cooling ac- 
cording to the current invention. Under dry cutting con- 
ditions, the insert chipped in about 2.25 minutes of op- 
eration, whereas with LIN cooling, the insert chipped in 

45 about 4.5 minutes. The tool life was extended about 
100% using cooling according to the current invention. 

Example 2 

50 Interrupted Cutting Using Dry and Flooded PCBN and 
Cooled Ceramic Insert 

[0050] Figure 1 0 presents data showing nose wear of 
the cutting insert versus the number of interruptions ex- 
55 perienced for both dry and emulsion flooded cutting using 
a relatively expensive polycrystalline cubic boron nitride 
(PCBN) insert and cutting using an inexpensive alumina 
insert (ZC4) with LIN cooling according to the current 



6 



11 



EP 1 637 257 A1 



12 



invention. (The nose is part of the cutting insert and is 
indicated as 34 in FIG. 1.) PCBN inserts are generally 
recommended for interrupted machining operations. The 
depth of cut was 0.007", the feed rate was 0.005" per 
revolution, and the speed was 900 surface feet per 
minute, typical of hard turning industry conditions. The 
workpiece material was the same as in Example 1 . The 
interruption in the workpiece was a 3/1 6" slot. The PCBN 
insert had a longer tool life when used dry versus flooding 
with an emulsion, i.e. the conventional emulsified, lubri- 
cating cutting fluid, indicating that the cooling of the edges 
of interruption had a negative impact on tool life. The 
ceramic insert cooled according to the current invention 
had significantly longer tool life than either PCBN/Dry 
and PCBN/Flood under identical cutting conditions. This 
test illustrated that with cooling according to the current 
invention, an inexpensive alumina-based ceramic insert 
can have a longer tool life than a PCBN insert even 
though the ceramic insert has a lower fracture toughness 
than a PCBN insert. 

[0051] The invention has been described with refer- 
ence to a few embodiments. Additional embodiments 
would be obvious to a person of ordinary skill in the art 
and are included in the invention as claimed. 



Claims 

1 . A method of cutting a workpiece having interruptions, 
with a cutting insert, said cutting insert having a cut- 
ting edge, said cutting insert held in a tool holder, 
said method comprising the steps of: 

contacting said cutting edge of the insert with 
said workpiece; 

introducing a coolant fluid into at least one pas- 
sage near said cutting edge of the insert to cool 
said cutting edge; and 

exhausting the resultant fluid from the at least 
one passage in a direction so that said interrup- 
tions ahead of the cutting edge are not substan- 
tially cooled by the resultant fluid. 

2. The method of claim 1 , wherein after said introducing 
step and before said exhausting step is the step of 
evaporating at least a portion of said coolant fluid in 
said at least one passage. 

3. The method of claim 1 , wherein for said introducing 
step said at least one passage is located in at least 
one location selected from the group consisting of 
between the cutting insert and the tool holder, within 
the cutting insert, and within the tool holder. 

4. The method of claim 1 , wherein said tool holder fur- 
ther comprises a shim, and for said introducing step 
said at least one passage is located in at least one 
location selected from the group consisting of: be- 



tween the cutting insert and the shim, between the 
shim and the tool holder, and within the shim. 

5. The method of claim 1, wherein in said exhausting 
5 step said resultant fluid contains gaseous coolant 

and liquid coolant. 

6. The method of claim 1 , wherein said coolant fluid is 
selected from the group consisting of nitrogen, car- 

10 bon dioxide, argon and mixtures of those. 

7. The method of claim 6, wherein said coolant fluid is 
a cryogenic liquid. 

15 8. The method of claim 1 wherein prior to said introduc- 
ing step, is a step of flowing a coolant fluid through 
a restriction in said at least one passage. 

9. The method of claim 1 wherein the coolant fluid is at 
20 a higher pressure in the introducing step than in the 

exhausting step. 

1 0. The method of claim 1 wherein said insert comprises 
an oxide-containing ceramic. 

25 

1 1 . The method of claim 1 wherein said insert comprises 
polycrystalline cubic boron nitride (PCBN) or silicon 
carbide whisker-reinforced alumina (SiC w -AI 2 0 3 ). 

30 12. An apparatus for cutting a workpiece, comprising a 
tool holder and a cutting insert, said cutting insert 
having cutting edge, said cutting insert being held in 
said tool holder, said apparatus further comprising 
a passage for a coolant fluid near said cutting edge 
35 for indirectly cooling said cutting edge. 

13. The apparatus of claim 12, wherein said passage is 
located in at least one location selected from the 
group consisting of between the cutting insert and 

40 the tool holder, within the cutting insert, and within 
the tool holder. 

14. The apparatus of claim 12, wherein said tool holder 
further comprises a shim, and said passage is locat- 
es ed in at least one location selected from the group 

consisting of: between the cutting insert and the 
shim, between the shim and the tool holder, and with- 
in the shim. 

50 15. The apparatus of claim 12 wherein said passage 
comprises a pressure drop means within said pas- 
sage so that said coolant fluid will undergo at least 
a partial phase change in the passage. 

55 16. The apparatus of claim 15 wherein said pressure 
drop means is a restriction. 

17. The apparatus of claim 15 wherein said passage 
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comprises an inlet and an outlet, and said pressure 
drop means is an outlet diameter greater than said 
inlet diameter. 

1 8. The apparatus of claim 1 2 wherein said insert com- 5 
prises an oxide-containing ceramic. 

19. The apparatus of claim 1 2 wherein said insert com- 
prises polycrystalline cubic boron nitride (PCBN) or 
silicon carbide whisker-reinforced alumina 10 
(SiC w -AI 2 0 3 ). 

20. The apparatus of claim 1 2, wherein said coolant fluid 
is selected from the group consisting of nitrogen, car- 
bon dioxide, argon and mixtures of those. 15 
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